Essential oil was obtained in a yield 1.1%, w/w, by steam distillation of Elionurus tristis leaves from Madagascar. The chemical composition was analyzed qualitatively and quantitatively by GC-MS and GC-FID, respectively. To the best of our knowledge, this is the first chemical analysis of this essential oil. Seventy-three compounds were identified, corresponding to 94.9% of the total essential oil. The principal compounds were sesquiterpenes and the more represented were β-gurjunene (18.4%), neoclovene (15.8%) and nootkatone (10.4%). Through a comparative study, we observed a large variability between the components of E. tristis essential oil and those from others species of the same genus. Evaluation of the antioxidant (ABTS and DPPH assays) and antituberculosis activities of the essential oil showed weak antioxidant potency but an interesting anti-tuberculosis activity with a MIC of 32 mg/L. This activity prompted us to evaluate individually the major components for the treatment of tuberculosis.
Medicinal herbs are widely used to prevent and treat human disease. Several studies of medicinal plants have shown their importance and demonstrated that some secondary metabolites possess a variety of biological activities, which includes roles in protecting the plant against microorganisms, UV radiation and others aggressive environment factors. These defensive properties confer to the metabolites the power to be used as antioxidant, antimicrobial, and antiproliferative agents [1a] . Among these secondary metabolites several essential oils have been used for their pharmaceutical properties. Many strategies have been cited for the use of aromatic components from essential oils in therapeutics. Thus the essential oil compounds can be used to improve health and wellness by fighting against bacteria, viruses, metabolic diseases like diabetes, and for relaxation therapies (aroma and massage) [1b] .
The antioxidant activity offers the possibility to use natural agents against "oxidative stress" and for food preservation instead of synthetic antioxidants. The antibacterial property also offers an alternative to antibiotic treatments, because of their activity against a wide spectrum of microorganisms [1c] .
Elionurus is a genus of the Gramineae family and comprises 15 species, found in the tropics and sub-tropics of Africa, America and Australia [2] . Few studies of this genus have been made [3] . Nevertheless, an antioxidant activity of the essential oil from aerial parts of E. elegans has been demonstrated by Mevy et al. [4] , but the authors found a non-significant antibacterial activity. In contrast, an antibacterial activity of E. muticus essential oil has been demonstrated by Hess et al. [5] . The composition of the essential oil from leaves, flower tips, stalks and roots of E. hensii has been studied by Silou et al.; [6a] , whereas Yang et al., studied phenolic and volatile constituents of E. hensii [6b]. E. tristis is an herbal grass that grows in Madagascar. It forms slender tufted plants up to 0.5 m high, culms simple or sparsely branched, spikes glabrous or sparsely ciliate [2] . To our knowledge, this is the first report about the composition of E. tristis essential oil. The aim of this study was to evaluate the chemical composition of the essential oil and its antioxidant and anti-tuberculosis activities. Finally we discuss the composition of E. tristis essential oil in comparison those reported for the essential oils from E. elegans and E. muticus.
Chemical composition:
The essential oil of E. tristis leaves was obtained in a yield of 1.1%, w/w. This yield was greater than that reported for E. elegans (0.45%, w/w of dry material) [4] and E. muticus aerial parts (0.37%) [5] .
Seventy-three components were identified in the essential oil of E. tristis from Antananarivo (Madagascar), representing 94.9% of the total compounds (Table 1 ). The majority were hydrocarbon sesquiterpenes (54.6%) and oxygenated sesquiterpenes (23.2%). The major components were β-gurjunene (18.4%), neoclovene (15.8%), nootkatone (10.5%) and α-fenchene (6.9%). In an essential oils of this genus, for the first time, we identified neoclovene (15.8%), nootkatone (10.5%), α-fenchene (6.9%), o-cymene (1.0%), isobornyl acetate (3.1%), cyclosativene (2.3%), longifolene (2.6%), β-cedrene (0.6%), cis-thujopsene (0.7%), dehydro-aromadendrene (2.0%), valeranone (2.3%), and zierone (3.9%).
The major components are different from those found in other essential oil from the genus Elionurus. As can be noticed in Table 2 , comparison of the components for three Elionurus essential oils showed a great variability and the four major components of NPC Natural Product Communications 2017 Vol. 12 No. 4 615 -618 E. tristis essential oil were either absent or formed a very low proportion in E. elegans and E. muticus. Only caryophyllene and epi-β-santalene are present in the three different essential oils from Elionurus (E. tristis, E. muticus, and E. elegans), even if it is a different caryophyllene chemical configuration from one to another species.
We can notice a structural similarity between the chemical structure of epi-β-santalene (4.0% in E. tristis essential oil) and campherenone (43.0% in E. elegans). Both have a side chain: methyl-2-pent-2-ene linked to a substituted cycloalkane ( Figure 1 ). In addition, we have the same type of similarity with bisabolone (4.9% in E. elegans). These similarities indicate that in spite of the great difference between the components in the essential oils of E. tristis and E. elegans, the biosynthetic pathway of the compounds would be similar. The sesquiterpene biosynthesis pathways come from rearrangement of farnesyl pyrophosphate (FPP), as shown in Figure 1 for caryophyllene [7] . Zierone, found in E. tristis essential oil (3.8%), could be derived from gurjunene (18.4%), one of the major components of the essential oil. Indeed, the zierone skeleton could come from the rearrangement of gurjunene by photosensitized oxidation, as suggested in Figure 2 by Masahiro [8] . Antioxidant activity: In the antioxidant activity assays of E. tristis essential oil the IC 50 was more than 10,000 mg/L in the DPPH assay and 1,027 mg/L in the ABTS assay. These results clearly demonstrate that antioxidant activity cannot be attributed to this essential oil. Mevy et al. [4] reported antioxidant activity for the essential oils from aerial parts and roots of E. elegans. This activity was also weak and the inhibitory concentrations from the chemiluminescence assay were, respectively, 670.3 mg/L and 444.8 mg/L for the essential oils from aerial parts and roots. This activity was attributed to camphor, camphene and other components like limonene, geraniol, α-humulene and α-bisabolol. The authors concluded that there was a synergistic effect between the different components [4] . However, E. tristis essential oil also contained αbisabolol (2.5%), which is described as anti-oxidant [9a] , but this activity was not measurable in E. tristis, almost certainly because of its low concentration in the essential oil and the absence of other components like camphene, limonene and geraniol to have a synergistic effect.
Antituberculosis activity:
The anti-tuberculosis activity of E. tristis essential oil was studied on M. tuberculosis strain H 37 Rv; a MIC of 32 μg/mL was obtained. In an antimycobacterial screening study of some Turkish plants, a MIC value ≤128 μg/mL [9b] was defined as effective against tuberculosis. Thereby, the antituberculosis activity threshold of the essential oil of E. tristis (32 μg/mL) is very interesting. This activity could be due to the presence of terpenes in the essential oils. Indeed, terpenes are apolar compounds frequently found within "Cerrado" plants that show an anti-tuberculosis activity [10, 11] . The main constituents of E. tristis essential oil could be responsible of this activity, but currently there is no report about the antimycobacterium activity of β-gurjunene, neoclovene, nootkatone and α-fenchene. Alternatively, it is also possible that this antituberculosis activity may come from the synergistic effect of some components poorly represented and the major components cited. Among these components poorly investigated for antimicrobial activity we can mention α-bisabolol (2.5%), zierone (3.9%) and longifolène (2.6%).
α-Bisabolol, which represented 2.5% of E. tristis essential oil, has been shown to enhance the permeability of bacterial cells, thereby increasing their susceptibility to antimicrobials [12a] . Zierone in the essential oil from the genus Zieria has shown an antimicrobial activity [12b] . Longifolene has demonstrated activity against mycobacteria [12c]. Hence, the antimycobacterial activity of Juniperus communis was attributed by Gordien et al.
[12c] to the sesquiterpene longifolene and two diterpenes (totarol and transcommunic acid). Indeed, J. communis has been reported as a traditional cure for tuberculosis. This antimycobacterial activity of longifolene was reported for the first time by Gordien et al.
[12c]. However, antimycobacterial activity has never been described for the genus Elionurus, although antimicrobial properties have been demonstrated for E. muticus against Bacillus cereus, Pseudomonas aeruginosa and Staphylococcus aureus [5] . Also, one of the major compounds of the oil, nootkatone, has already been shown to have activity against ticks and the ability to suppress Ixodes scapularis (main vector of Lyme disease) and Amblyomma americanum [12d].
The antioxidant activity was insignificant, but the essential oil showed good activity against M. tuberculosis, with a MIC of 32 mg/L. We thus suggest the screening of the main components of E. tristis essential oils in order to identify better the group of components that could be responsible for the anti-tuberculosis activity. In addition, further studies of the activity of E. tristis essential oil should be made to evaluate its activity against other bacteria and ticks responsible for Lyme disease.
Experimental
Extraction of essential oil: The leaves of E. tristis (specimen N°MNHN-P-P02641209; Department of Pharmacy, University of Antananarivo) were collected in Antananarivo, Madagascar (July 2008). Steam-distillation was used to extract the essential oil according to the protocol of the European Pharmacopoeia 1 [12e]. The essential oil was dried by anhydrous sodium sulfate, filtered and stored in sealed vials at 4°C, prior to analyses.
Gas chromatography and gas chromatography-mass spectrometry:
Quantitative and qualitative analysis of the essential oil was carried out by gas chromatography-flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS) [12f] . Analyses were carried out on a Varian Star 3400 Cx chromatograph (Les Ulis, France) fitted with a fused silica capillary DB-5MS column (5% phenylmethylpolysyloxane, 30 m x 0.25 mm, film thickness 0.25 µm). Chromatographic conditions were 60°C to 260°C temperature rise with a gradient of 5°C/min and 15 min isotherm at 260°C. A second gradient was applied to 340°C at 40°C/min. Total analysis time was 57 min. For analysis purposes, the essential oil was dissolved in light petroleum. One µL of sample was injected in the split mode ratio of 1:10. Helium (purity 99.999%) was used as carrier gas at 1 mL/min. The injector was operated at 200°C. The mass spectrometer (Varian Saturn GC/MS/MS 4D) was adjusted for an emission current of 10 µA and electron multiplier voltage between 1400 and 1500 V. Trap temperature was 150°C and that of the transfer line was 170°C. Mass scanning was from 40 to 650 amu. Compounds were identified by comparison of their retention indices (RI) relative to C5-C24 n-alkanes obtained on a nonpolar DB-5MS column, with those provided in the literature, by comparison of their mass spectra with those recorded in NIST 08 (National Institute of Standards and Technology) and reported in published articles and by co-injection of available reference compounds. The samples were analyzed in duplicate.
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